Abstract
(DRG) neurons in defined medium, neuron enriched cultures. 5-6 days exposure to 100 pM IL-23 1β produced subpopulation-dependent effects on DRG neurons. These included an increase in 24 the excitability of medium diameter and small diameter, isolectin B4 (IB 4 )-positive neurons that 25 was comparable to that found after peripheral nerve injury. By contrast, a reduction in 26 excitability was observed in large diameter neurons, while no effect was found in small diameter, 
INTRODUCTION

Primary cell cultures
117
Establishment of (dorsal root ganglion) DRG cell cultures was a modification of procedures 118 previously decribed by Lindsay (1988) and Acheson et al. (1995) . Male Sprague-Dawley rats
119
(18-20 days old) were anaesthetized with 1 g/ml ethyl carbamate (urethane; Sigma, St. Louis, 120 MO, USA). DRGs (14-21/animal) were aseptically dissected from thoracic and lumbar spinal 121 segments and collected in DMEM supplemented with 10% heat inactivated horse serum 122 (DMEMHS; both from Gibco, Grand Island, NY, USA). Ganglia were enzymatically treated for ug/ml type IV DNAse (Sigma) and 100 μg/ml soybean trypsin inhibitor (Worthington). A single 127 cell suspension was then readily obtained by trituration of the enzymatically softened ganglia by 128 6-8 passages through the tip of a 1 ml Eppendorf pipette. Neurons were plated the following day 129 after neuronal cell enrichment.
130
Neuronal cell enrichment 131 Neuronal cell enrichment was aimed at minimizing the effects of IL-1β secondary to the 132 involvement of mitotic (non-neuronal) cells (Lindsay 1988 ). Non-neuronal cells were largely with 3 μg/ml polyornithine (Sigma) and 2 μg/ml laminin (Sigma). All dishes were then filled 151 with a neurotrophin-and serum-free defined medium at ~ 2 ml/dish. Cells were maintained at 152 36.5 0 C, 95% air : 5% CO 2 . Defined medium was exchanged every 72 h.
153
Treatment of DRG neurons
154
After 3 days in culture, dishes were divided into 2 treatment groups: 100 pM IL-1β (Peprotech,
155
Rocky Hill, NJ, USA; prepared in 0.1% BSA (Sigma)) and control (0.1% BSA). For IL-1 156 receptor-mediated experiments, the two treatment groups were: IL-1β + 100 ng/mL IL-1 receptor development was produced by the addition of the chromagen tetramethylbenzidine (Biosource,
172
Camarillo, CA, USA) and the reaction was stopped with equal volume of 3 M sulfuric acid. All 173 steps above were carried out at room temperature, and three TBS-T washes were applied in 174 between each step. The developed plates were read on a spectrophotometer at 450 nm. Signal 175 intensities from a sample were compared to signal intensities from the respective calibrated 176 standard curve to permit protein quantification. Each sample was run in duplicate.
177
Subclassification of DRG Neurons
178
Based on previously established criteria, DRG neurons were classified according to soma response to a 450 ms current ramp, the latencies (cumulative latency) up to the first eight APs 216 and total AP number were measured.
217
Analysis and Statistics
218
All electrophysiological data were acquired and analyzed using pCLAMP 10 software (Axon After 5-6 days exposure, the effects of 100 pM IL-1β were most prominent in medium neurons 240 (Table 1) . IL-1β application significantly reduced rheobase and increased the maximal rates of 241 AP depolarization and repolarization in response to depolarizing current pulses 5 ms in duration 242 (P < 0.05, P < 0.001 and P < 0.01, unpaired t-test, respectively). As depicted in Fig. 1 A b In contrast to changes found in medium neurons after IL-1β exposure, large neurons had a 259 significant increase in rheobase and a significantly longer AHP duration to 25% repolarization (P 260 < 0.05 and P < 0.01, unpaired t-test, respectively; Table 1 ; see also Fig. 1 D b inset) .
225
RESULTS
226
DRG cell culture conditions
261
Additionally, some neurons had a more gradual repolarization where a significant proportion of 262 IL-1β treated large neurons failed to reach 50% recovery (P < 0.01, Fisher's exact-test). All other 263 measured parameters, including RMP, AP threshold and input resistance were unchanged (P > 264 0.05, unpaired t-test; Table 1 ).
265
Effects of long-term IL-1β exposure on DRG neuron repetitive discharge 266 The influence of 100 pM IL-1β exposure on DRG neuron repetitive discharge was examined 267 from membrane responses to 450 ms depolarizing current ramps. All excitability analysis was 268 conducted on ramps to 2 nA since this ramp generated APs in the greatest number of DRG 269 neurons.
270
Medium DRG neurons
271
In control cell cultures, discharge in response to current ramps to 2 nA was seen in 80.6% of 272 neurons ( Fig. 2 A a) and this proportion was not significantly altered by 5-6 days exposure to IL- The proportion of neurons that fired ( Fig. 2 B a) and the total number of APs generated (Fig. 2 B   281 b) were unaffected by IL-1β exposure (P > 0.05, Fisher's exact-test and unpaired t-test, 282 respectively). In contrast and suggestive of increased excitability, IL-1β significantly decreased 283 AP cumulative latencies ( Fig. 2 B c ; see also Fig. 3 B) where differences in successive latencies, 284 generally, became larger (from P < 0.05 to P < 0.01, unpaired t-test). 3 D) . This finding complements other changes observed in large neurons that suggest a 293 decrease in excitability, such as an increase in rheobase (Table 1) . Unexpectedly, however, IL-1β 294 exposure significantly increased the percentage of neurons (90% vs. 41.7%) which discharged on 295 current ramps (P < 0.05, Fisher's exact-test; Fig. 2 D a) . Table 2 compared to Table 1 ). However, IL-1Ra was unable to attenuate differences in 309 rheobase and AP height (P < 0.05 and P < 0.01, unpaired t-test, respectively; Table 2 ). Last, the 310 effects of IL-1β exposure on small IB 4 -positive neuron spike width and rate of repolarization 311 were attenuated in the presence of IL-1Ra (P > 0.05, unpaired t-test; Table 2 ).
312
IL-1β receptor-mediated effects on repetitive discharge were also investigated. IL-1Ra co- In addition to antagonising many of the actions of IL-1β, IL-1Ra appeared to exert some direct 317 effects on medium and small IB 4 -positive neurons. For example, IL-1Ra significantly reduced 318 AHP duration and input resistance in medium neurons (P < 0.05 and P < 0.01, unpaired t-test, 319 respectively; Table 2 compared to Table 1 ). If these effects resulted from antagonism of the 320 actions of endogenous IL-1β in the culture, then they would be expected to be in an opposite 321 direction from the actions of applied IL-1β; however, this was never the case. We have no simple 322 explanation for these actions of IL-1Ra.
323
DISCUSSION
324
The major findings in this study are that 5-6 days exposure to 100 pM IL-1β increases 325 excitability in medium and small IB 4 -positive DRG neurons; whereas, it fails to affect small IB 4 - exposure, medium neurons were the only subpopulation to respond in this manner (Table 1) . (Fig. 1 B b inset) , respectively. Furthermore, the Consistent with such changes that support increases in excitability, IL-1β exposure decreased 363 medium neuron AHP duration at 50% repolarization (Table 1) . Further, medium neuron AHP 
370
In contrast to medium and small IB 4 -positive DRG neurons, large neurons exposed to IL-1β 371 displayed many features consistent with decreased excitability. For instance, more depolarizing 372 current was required to elicit discharge in large neurons in the presence of IL-1β (Table 1) . Ιn 373 addition, large neurons exposed to IL-1β had a longer AHP duration to 25% recovery (Table 1   374 and Fig. 1 D b inset) , while a significant (P < 0.01) proportion failed to recover to 50% 375 repolarization. With the exception of an increase in the proportion of neurons that responded to 376 depolarizing current ramps (Fig. 2 D a) , deficits in large neuron repetitive discharge included 
382
In contrast to all other DRG neuron subpopulations and suggestive of an inability to respond to 383 IL-1β in long-term culture conditions, small IB 4 -negative neurons displayed no measureable 384 changes in any of the electrophysiological parameters investigated (Table 1 and Fig. 2 C) . Therefore, we speculate that signalling from more than one IL-1β receptor subtype, within the 416 same neuron, would differentially modulate ionic currents that underlie AP generation and 417 repetitive discharge.
418
Relevance to sensory function 419 We expect that the observed increases in excitability in medium and small IB 4 -positive DRG The opposing effect of IL-1β exposure on the AHPs of large and medium neurons (Table 1 and 451 Fig. 1 A and D) , may reflect differences in the availability of calcium-activated potassium 
Conclusion
469
Our study demonstrated increases in the excitability of medium and small IB 4 -positive DRG 470 neuron subpopulations after 5 to 6 days exposure. These findings are, in many ways, similar to 471 the enduring increase in primary afferent excitability reported after nerve injury (Govrin- 
